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7 Claims.
1:

This - invention: relatesin general ‘to electric:
control systems -and: more-particularly to-means
for automatically contrelling a-plurality:of suc~
cessive- operations -of ‘a .camera forming-part ‘of-
an- oscillographic system of the cathode ray type.:

In the-study of random-transient conditions of-
eleetric circuits it is-possiblé- to' obtain- a-record-
of a-disturbance in-an’ operatingcondition by
means of a-cathode-ray oscilloscope-in-which the.
trace of the beam on a screen- has 4 :substantial
time of persistence, the-persistent’ trace being
photographed under the: confrel of an abnormal
condition: affeeting -the- condition being: observed:
or in response tothe-latter-condition: If recerds-
of suceessive- occurrences of ‘a disturbance- are-
thits to be -obtained -at’infrequent -intervals,: it
becomes advantageous to provide the oscillograph
with: suitable control elements for enabling: itto
operate - unattended  to- produce: records of: alk
such- disturbances- occurring « between - periodic:
inspections. as .well :as records-of their:time of
occurrence.. The.desired result may bhe-obtained
by -pointing the: camera toward the-oscilloscope:-
and..a-time: indicating -device -disposed -adjacent:
thereto, and by:providing:automatic: means re=
sponsive to.the. oceurrence of a-transientcondi--
tion to- cause - opening: of ‘the camera: shutier,
momentary:suppression of the:cathode ray beany
of the: oscilloscope, momentary - iltumination. of
thetime indicating device; reclosure of the shut-~
ter, winding. of the:exposed film and resetting.of:
the-entire system:. Additional means are:prefer~
ably provided for:locking . out the system: when:
the entire film has been exposed.:

In a. preferred embodiment.of: the.invention.
the shutter is caused:to open by means of a thyra=
tron .connecting. a charged: capacitor: with a trip:
coil for releasing:the shutter,; and:the:remaining:
control-operations are effected .in:response to dis=
charge of the capacitor.by means-of :thyratrons:
connected with the:capacitor. discharging. thyra-
tron through time:delay circuits.

Tt is therefore an object of the present inven-
tion to.provide a control system:for: a.cathode:
ray oscillograph, for producing records of & trans-
ient-condition of ancelectric circuit showing.the:
course of the:condition over an adjustable length’
of. time..

Another.object:of the present’invention:is:to
provide a control system for:a:cathode ray.oscil
lograph having:an adjustable time:of .exposure of
the film to the.trace:to:.be phatogtaphed.:

Another object:of the: present. invention. is:to:

provide.a.control system.in which a: control-ele=
ment: may: becactuated: with an- adjustable:time.
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delay. in:response 4o: a:substantially instantaneaus
currentimpulse. .

Objects-and advantages.other than those above:
set-forth will: be apparent from the following.de=

. seription-when: read in: connection with:the:ac=

companying: drawing> which diagrammatically.
represents.one.embodimentiof the present: inven-
tion-shown: connected for recording-the:veltage
of.ian electric circuit in response to-the flow. of:

J- current above:. a; predetermined. value there-

through..

Referring.more:particularly. to.the drawing.by.
characters.of reference, ;numeral 6 generally. des=
ignates.a cathode ray oscilloscope:of any. suitable

. known: type. which. iscrepresented: conventionally:

on-the drawing... Oscilloscope b comprises anodes:
6a, a.:cathode. 6b; a control:grid :6c, two pairs of:
deflection plates 6d, 6e and a screen: 87, The nec-
essary potentials-for:energizing :anodes :6a angd:
egrid €¢.may be obtained: from any suitable source:
such as a voltage divider T energized from- a.direct
current generator 8 having. its positive terminal.
connected to ground:. The cathode ray beam may:
be -caused. continually. to-sweep across: screen: 67
by impression:on deflection plates e; for example;.
of a.periodic potential from a suitable:source con=
ventionally represented..as:a: generator.9. . The:
other pair of deflection plates-is: impressed. with:
potential represanting any-desired .operating.con~
dition. to-be observed: and.-which cooperates -with:
the. sweep potentidl to. cause-the cathode.ray:
to .produce -a.continual succession:. of luminous:
traces on screen 6f. The screen is-chosen of suchs
material -that each:trace produced:thereon:by:
the cathode ray-has a substantial time:of -persis-:
tence, sothat any trace may still be.photographed:
within: an: appreciable: lengthof time: after it
has: been . produced:. Tube:6:may: be assumed;
for rexample; to be used:for recording variations.
inithevoltage.of an alernating current generator.
{{ in response to abnormal flow of :current .bes
tween-the generator. and:a load device:12 through
a-switeh §3:and: a-current transformer (&
Photographic -copies:of iselected ‘traces:may: be:
obtained by meansof a camera 15 pointed-toward:
screen. 67 and properly focused:thereon. Thewill
be: understood. that - simultaneous records:ofia:
plurality -of:related ‘operating: conditions -may be
obtained by: disposing-within: fhe field: of camera:
15.a-plurality of oscilloscopes which aressimilar.
to:tube 6-and. similarly: controlled in response:to:
a: common:: abnormal :condition. . To.:obfain:: on
each-photograph:a:record.of the timevof occurs
rence.of the :condition in response:to-which the:
camers is.controlled; a:.suitable:time:indieating:.
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device may be disposed within the field of camera
{5 adjacent tube 6. The time indicating device
is represented on the drawing as an electric clock
i8 comprising the usual reluctance type motor 17
energized from an alternating current supply
circuit 8.

Camera 15 is provided with a shutter {9 of any
suitable type such as the gravity operated type
shown on the drawing. Shutter 19 is held in
the closed position by a latch 2f which may be
withdrawn by means of a trip coil 22. The shut-
ter may be reclosed by means of an electric motor
23 through a mechanism comprising a cam 24
and a lever 25. Motor 23 also serves to drive the
mechanism for winding the exposed portion of
8 roll of film 26 on a spool and thereby expose a
fresh film portion to the lens. It will be under-
stood, however, that the film winding mechanism
may be suitably modified if the records are to be
obtained on individual pieces of film or on plates.

-Motor 23 may be momentarily energized from
circuit 18 through contacts 21b of a relay 21
to start the motor rotating, The motor there-
after remains energized through holding contacts
28 controlled by a cam 29 to cause cam 24 to
effect a complete revolution., Camera (5, tube
6 and clock 16 are preferably disposed within a
light tight enclosure (not shown) and clock 16
is momentarily illuminated by means of a small
electric lamp 31 dQuring the opening of shutter
19. Lamp 3{ may be supplied with current from
circuit 18 through a transformer 32 and through
the contacts of a relay 33.
33 may be coordinated in any suitable manner
with the operation of shutter 19 as by connecting
relay coil 33a with a charged capacitor 34 through
contacts 35 which are closed by the shutter.

Unidirectional current for charging capacitor
34 and for energizing the control elements of the
system may be obtained from circuit i8 through
a rectifying system generally designated 36. The
rectifying system may be of any suitable known
type and may comprise a transformer 37 and a
rectifying tube 38 associated with filtering means
comprising a series reactor 39 and a shunt capaci-
tor 41. A Icading resistor 42 prevents excessive
rise of the rectifier voltage between operations of
the system. Charging current for capacitor 34
is obtained from rectifier 88 through a resistor 43.
As a relatively large current is required in trip coil
22 to operate latch 21, current for the trip coil is
preferably obtained from a capacitor 44 which
may be gradually charged from rectifier 3§
through a resistor 45. Capacitor 44 may be dis-
charged abruptly through contacts 46b of a re-
setting relay 46, trip coil 22, a shield-grid thy-
ratron 41 and g resistor 48 to actuate latch 21.
The plate circuit of thyratron 47 and the associ-
ated circuits are preferably grounded to the
frame on which the elements of the system are
mounted, as indicated at 49.

The operation of thyratron 47 may be controlled
in any suitable manner in dependence upon an
abnormal condition affecting the operation of
generator I or of any other circuit under obser-
vation. For example, control grid 41c of the thy-
ratron may be connected through a current limit-
ing resistor 51 with a grounded resistor 52 sup-
plied with current from current transformer i4.
A ‘capacitor 53 is preferably connected between
grid 4Tc¢ and ground to divert accidental surge
potentials which might cause undesired operation
of thyratron 41. Anode 41a and shield-grid 414
are preferably likewise connected to .ground
through capacitors 54, 55, respectively. Shield-

Operation of relay’
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grid 41d is maintained at a predetermined poten-
tial with respect to ground by means of g battery
56 to impart to grid 47c the desired characteristic.

Cathode 47b is connected through a current
limiting resistor 57 with the control grid 58¢ of
a second thyratron 58 to cause thyratron 58 to be-
come continuously conductive in response to the
discharge of capacitor 44 through thyratron 41.
Thyratron §8 completes a circuit from the posi-
tive terminal of rectifier 36 to ground through
contacts 458d, a current limiting resistor 59, a
plate resistor 61 and a cathode resistor 62. The
plate potential of thyratron 58 is maintained at
a substantially constant value by means of g
regulating glow tube 63. Anode 58¢ is connected
to ground through a surge diverting capacitor 64,
and shield-grid §8d is connected with battery 56
through a current limiting resistor 65.

The control grid 86¢ of a third thyratron 6§ is
connected with resistor 82 through a current
limiting resistor 67 and through an adjustable
time delay circuit comprising a variable resistor
68 and.a capacitor 69 to cause thyratron 6§ to
become conductive an adjustable time after thy-
ratron 98 becomes conductive. The plate circuit
of thyratron 66 is connected between anode §3a
and ground through a plate resistor Tf and a
cathode resistor ¥2. Cathode 66b and shield-
grid §6d may be jointly connected with anode
63a through a resistor 73.

The potential variations of anode 66¢ are
utilized in any suitable known manner for con-
trolling the potential of grid 8c to cause moment-
ary suppression of the cathode ray beam a pre-
determined time interval after thyratron 47 is
rendered conductive. - For example, grid §c may
be connected with anode §5¢ through a capacitor
14 and with voltage divider 7 through a resistor 15
to cause impression of a negative transient voltage
on grid 6¢c when thyratron 65 becomes conductive.

The control grid 76¢ of a fourth thyratron 16
is connected with resistor 72 through a current
limiting resistor 77 and through a second ad-
justable time delay circuit comprising a variable
resistor 718 and a capacitor 79. The plate circuit
of thyratron 76 is connected between the positive
terminal of rectifier 36 and ground through con-
tacts 48d, a current limiting resistor 81, coil 27
and & cathode resistor 82 to cause operation of
relay 27 a predetermined time interval after thy-
ratron 47 becomes conductive. Shield-grid 76d
and cathode 76b may be jointly connected with
anode 63a through a resistor 83.

To render the system inoperative and provide g
signal when the supply of film of camera 15 is
exhausted, transformer 87 is disconnected from
circuit 18 after a predetermined adjustable num-
ber of operations of motor 23. For the latter pur-
bose, motor 23 drives a cam 84 controlling con-
tacts 85 for connecting circuit i3 with the coil
8Ga of a step relay 86 controlling the connection
of transformer 87 with circuit {8. A lamp 87 may
also be controlled by relay 86 to indicate whether
or not the system is in operating condition.

Coil 48¢ is connected in parallel with coil 86g
to cause resetting of the system after each opera-
tion of motor 23. A pushbutton switeh 88 con-
nected in parallel with contacts 36 may con-
veniently be utilized for resetting the system
manually during trial operatiom thereof,

A considerable latitude ‘is allowable in the
choice of the electrical characteristics of the ele-
ments of the herein described system. The
following engineering data relate to the esseniial
elements ‘of a.system which has been found to
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Gpérate satisfactorily and are given: only by Way
of ‘example:

Cathode ray tube 6—type 5BP1
Rectifier 38—type 5¥3 -

Glow tube 63—type VR150 o
Thyratrons 41, 58, 66, T6—type 2050
Resistor 81—1000 ohms

Resistor 59-—2900 ohms

Resistor 82—4 kilo-chms.-

Resistor 83—6 kilo-chms:-

Resistor 65—10 kilo-ohms

Resistors 62, 12—15 kilo-ohms

Resistor 52—25 kilo-ohms

Resistor 711—31.5 kilo-ohms

Resistor 6i—45 kilo-ohms o
Resistors 42, 45, 51, 48, 81, 17, 57—5¢ kilo-ohms
Resistor 73—170 kilo-ohms

Resistors 43, 15—100 kilo-ohms

Résistor 68-—500 kilo-ohms

Resistor 18—600 kilo-ohms

Voltage divider T—2.5 megohms
Capacitor 54—0.0005 microfarad
Capacitors 53, 84—0.001 microfarad
Capacitor §9—0.1 microfarad
Capacitors 55, 79—0.5 microfarad
Capacitor 36—10 microfarads
Capacitors 41, 44—20 microfarads
Capacitor 14—0.5 microfarad

Generator 8—1500 volts

Battery 56—=8%% volts

Rectifier 36—300 volts

Reactor 39—20 henries

Before the  system is placed in operation,
camera 15 is loaded with film and relay 86 is set
in the position shown in the drawing. Circuit 18
is energized and clock 16 is set to show standard
time or any obher:convenient time indication.
Resistor ‘15 is connected with a suitable point of
voltdge divider 7 to cause impression on grid &e
of - potential having the value required for focus~

ing the cathode ray beam of tube § on screen 8f

as is well known. The cathode ray beam’is caused
to sweep across screen 6f by the voltage impressed
between plates §2 and the voltage impressed be-=
tween defection plates 6d causes the beam to
produce on screen &f a succession of traces hav-
ing ‘a substantial time of persistence. Rectifier
36 suppliés unidirectional potential for maintain-
ing capacitors 34, 44 in charged condition and

also- supplies plate potential for- the different-

thyratrons.

As long as the voltage of grid 4Tc remaing below
a critical value depending on the voltdge of bat-
tery 56, thyratron 47 remains nonéonductive.
Thyratron 58 likewise remains noriconductive, grid
58¢ then being at cathode potential arid there-
fore ‘unable to overcome the action of battery 56
through shield-grid §8d. Cathode 66b is brought
above the potential of grid 88c by the flow of cur-
rent from rectifier 36 through contacts 46d and
resistors 59, 13, 72, and cathode 18b is likewise
brought above the potential of gfid Téc by the

flow of current through resistors 83 and 82, with’

the result that thyratrons 66, 16 also remain-non-
conductive.

The conhections between: thyratron 4T and
generator i are so effected that upon occurrence
of 'a predetermined abnormal condition in the
circuit of generator Il and load 12 grid 47¢
reaches a sufficient potential to render thyratron
4T conductive.
discharees ' through' contacts 46b, trip coil 22,
thyratron: 4T and resistor 48.° Trip-coil 22 "with~
draws:Zlatcli <21, tHerely “allowing “shuttér: 18- to

Capacitor 44 thereupon abruptly
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dropand-expose filfi 26 ‘46 thie traces-appeéaring
ori’sereen 6f. The-speed: of operation of ‘shutter
19 is preferably so-related-to-the time of persist-
ence of the traces that when the-shutter opens
the particular - traces affectéd by the abnormal:
condition which caiised: opening-of the shutter
are still of sufficient intensity to prodice a reeord
on film 26:

When - shutter (9 résches ‘the open -position,
contacts 35 are closed to-discharge capacitor 34
thtough’ relay coil 33a.. Relay 33 is thereby
chaused momentsrily to: close-its- contacts to con-
neet lamp- 31 with transformer-32. Lamp 3t
momentarily illuminates cloek- 18, thereby caus—
ing a record of the time of operation of relay 33
16 appear on film-26.. The time iridicated by clock
16 may be taken ag the tinye of occurrence of the
abnorinsl condition  but the time taken by the
opieration of sHutter 19-and of relay 33 may be
stbtracted: therefrom  if - greater accuracy is
desired.’

Discharge of -capacitor 44 through thyratron
471 and resistor 48 causes grid 58c¢ to reach a po~
tentisl which is sufficient to render thyratron 58
As ‘the plate potential of thyratron
58 is supplied from rectifier 36, thyratron & re-
mains conductive after thyratron 47 céases to
cdrry current of appreciable intensity. The con-
tiniious flow of current through thyratron 5§ and
resistor 62 causes tie potential of grid 66c to rise
gradually at a rate depending-on the time con-
stantof the combination of resistor 68 with ca~
pacitor 89. After a- predetermined time delay,
the. grid potential becomes sufficiently high to

. cause thyiatron 66+t bhécome conductive.

The flow of current from rectifier 36 through
thyratron 66 is estdblistied abruptly, thereby
abruptly lowering the potential of anode 68a to
5. predetermiined value. Theé-potential drop of
andde 66a is transmiitted to grid 6c through ca-
pacitor ‘14, The cathode ray beam is thus sup-
pressed, and remains suppressed until grid &c
again rises beyond a predetermined potential by
the gradual partial ‘discharge of capacitor T4.

. The discharge current of capacitor 714 flows

thiough' thyrdtron 66, resistor 72, voltage divider
1 and resistor 15, and ceases when grid ¢ has
again’ the same potential ‘as the tap of voltage
divider 7 confiected with resistor 15.

Resistor 68 is so adjusted that the cathode ray
bedni is suppressed when thé desired number of
traces hive been produced on screen 67 following
the occurrence of the abnormal conditions to
which theé system is responsive. The number of

- traces photographed simultaneously by camera

i5ig thug lithited so as to prevent the record so
obtained from becoming confused.

The flow of current through thyratron 68 and
resistor 72 likewise causes thyratron 76 to become
conductive a predetermined time after thyratron
66 depending on- the adjustrment of resistor 78.
Shutter (9 is thus caused to reclose after film 26
his been exposed to the persistent traces for a
sufficient length of time but before the cathode
ray beam is released by restoration of the normal
potential on grid be.

Thyratron 16 receives current from rectifier 36
through resistor 81 and coil 21a to cause relay 27
to closeé contacts 2Tb. Current is thus supplied
to miotor 23 from circuit 18. Motor 23 actuates
cam 29, which closes contacts 28 to maintain
motor ‘23 energized independently. of relay 27.
Cam 24 raises shutter 18 through lever 25, and
the sHutter is agsin held closed by latch 21 as coil

78 297 then substantislly without currént. Motor
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23 also causes winding of the exposed portion of
film 26 to expose a fresh film portion to the lens.
Return of shutter {9 to the closed position opens
contacts 35, thereby enabling rectifier 36 gradu-
ally to recharge capacitor 34 in anticipation of
another operation of the system.

During rotation of motor 23, cam 84 momen-
tarily closes contacts 85.  Current is thereby mo-
mentarily supplied to coil $6¢ to cause the arma-~-
ture 86b thereof to rise and fall and thereby
progress contact 86c by one step. At the same
time relay 46 is momentarily actuated to momen-
tarily disconnect the thyratrons from rectifier 36.

Contact 48c also momentarily grounds the cir-

cuits of thyratrons 58, 66, 76 to remove all charges
from the capacitive elements thereof. The thy-
ratrons return to the nonconductive condition
and remain in such condition when relay 46
returns to the position shown. Relay 27 is de-

energized and returns to the position shown. g

Capacitor 44 is gradually recharged from rectifier
36 in anticipation of another operation of the
system. When cam 24 has completed its revolu-
tion, contacts 28 open to cause motor 238 to stop
in the position shown. The system is then reset
for another operation thereof responsive to an-
other occurrence of an abnormal operating con-
dition of the circuit of generator i and load i2.

Each operation of the system causes contact
8&c to progress by one step. When the system is
Dlaced in operation, contact 88c is 50 adjusted
that the number of operations of the system which
results in complete exposure of film 28, also results
in contact 86c being moved out of engagement
with contact 86d. A connection between trans-
former 87 and eircuit 18 is thereby opened and
the system is rendered inoperative. Lamp 81,
which was bright as long as transformer 37 was
energized, then becomes dark, indicating that
the system has been locked out, The system may
then be returned to the operative condition by
replacing film 28 with an unexposed film and re-
setting contact 88c to a position in engagement
with contact 864 corresponding to the length of
the film.

Although but one embodiment of the present in-
vention has been illustrated and described, it will
be apparent to one skilled in the art that various
changes and modifications may be made therein
without departing from the spirit of the invention
or from the Scope of the appended claims.
Features disclosed but not claimed herein are
claimed in an application of A, M. Zarem and
R. D. Weinhold, Serial No. 640,333, filed January
10, 1946.

It is claimed and desired to secure hy Letters
Patent:

1. In an oscillograph comprising a system for
producing a succession of traces responsive to g

redetermined operating condition of an electric
circuit, each of said traces having a substantial
time of persistence, and a camera, having a shut-
ter, the combination of control means responsive
- to an abnormal condition affecting the operation
of said circuit for causing opening of said shut-
ter, means for interrupting the operation of said
trace producing system, and time delay means
responsive to operation of said control means for
causing operation of said interrupting means a
predetermined time after operation of said control
means.

2. In an oscillograph ecomprising g system for
pbroducing a succession of traces responsive to a
predetermined operating condition of an electric
circuit, each of said traces having a substantial
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time of persistence, and s camera having a shuf-
ter, the combination of control means responsive
to an abnormal condition affecting the operation
of said circuit for causing opening of said shut-
ter, means for interrupting the operation of said-
trace producing system, means for reclosing said
shutter, and time delay means responsive to oper-
ation of said control means for causing opera-
tion of said interrupting means and of said shut-
ter reclosing means at predetermined times after
operation of said control means.

3. In an osecillograph comprising a system for
producing a succession of traces responsive to
a predetermined operating condition of an elee-
tric circuit, each of said traces having a sub-
stantial time of persistence, and a camers, having
a shutter, the combination of control means re-
sponsive to an abnormal condition affecting the
operation of said cireuit for causing opening of
said shutter, means for interrupting the operation
of said trace producing system, time delay means
responsive to operation of said control means for
controlling the operation of said interrupting
means, means for reclosing said shutter, and a
second time delay means responsive to operation
of said interrupting means for controlling the
operation of said shutter reclosing means.

4, In an oscillograph comprising a system for
producing a succession of traces responsive to g
predetermined operating condition of an electric
circuit, each of said traces having a substan-
tial time of persistence, and a camers, having a
shutter, the combination of g trip coil for said
shutter, a capacitor, means for charging said
capacitor, and means comprising a thyratron re-
sponsive to an abnormal condition affecting the
operation of said circuit for discharging said.
capacitor through said trip coil.

5. In an oscillograph comprising a system for
producing a succession of traces responsive to g
predetermined operating condition of an electric
circuit, each of said traces having a substantial
time of persistence, and a camers, having a shut-
ter, the combination of g trip coil for said shutter,
a capacitor, means for charging said capacitor,
and means comprising a first thyratron responsive
to an adnormal condition affecting the operation
of said circuit for disecharging said capacitor
through said trip coil, a source of unidirectional
current, a second thyratron connected with said
source and with said first thyratron to become
conductive in response to discharge of said capac-
itor through said first thyratron, means com-
prising a third thyratron for interrupting the
operation of said trace producing means, and a
time delay circuit connecting said second and
third thyratrons to cause operation of said in-
terrupting means a predetermined time after oc-
currence of said abnormal condition.

6. In an oscillograph comprising a system for
producing a succession of traces responsive to
2 predetermined operating condition of an elec-
tric circuit, each of said traces having a substan-
tial time of persistence, and a eamers having g
shutter, the combination of a trip coil for said
shutter, a capacitor, means for charging said
capacitor, and means comprising a first thyra-
tron responsive to an abnormal condition affect.-
ing the operation of said cireuit for discharging
said capacitor through said trip coil, a souree of
unidirectional current, a second thyratron con-
nected with said source and with said first thyrg-
tron to become conductive in response to dis-~
charge of said capagcitor through said first thyra-
tron, means comprising a third thyratron for
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interrupting the operation of said trace pro-
ducing means, a time delay circuit connecting said
second and third thyratrons to cause operation
of said interrupting means a predetermined time
after occurrence of said abnormal condition,
means comprising a fourth thyratron for causing
reclosure of said shutter, and a second time delay
circuit connecting said third and fourth thyra-
trons to cause reclosure of said shutter a pre-
determined time after operation of said inter-
rupting means.

7. In a control system, the combination of a
capacitor, means for charging said capacitor,
means comprising a first electric valve responsive
to a predetermined operating condition for dis-
charging said capacitor, a source of unidirectional
current, a second electric valve connected with
said source and with said first valve to become
conductive in response to discharge of said capac-

10

15

10

itor through said first valve, a control element,
means comprising a third electric valve for con-
trolling the operation of said control element, and
a time delay circuit connecting said second and
nird valves to cause operation of said control
clement a predetermined time after occurrence of
said ahnormal condition.

JOHN J. BOREK.

ABE M. ZAREM.
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